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Over 23,600 people die from it yearly.  It causes more 
than 554,000 asthma attacks and 38,200 nonfatal heart 
attacks. (Schneider, 2004).  It has left twenty-five 
percent of New York’s Adirondack Lakes uninhabitable 
(Wu, 2003).  It is a large contributor the global warming 
trend which is melting the artic and glaciers world wide 
and pushing many species to the brink of extinction 
(Schneider, 2004).  Coal power plants are not only 
affecting our cities by cloaking them with ominous 
clouds of pollution, but also our children, us, and the 
world we live in. 
Most of this is preventable. Over half of the 
electricity in the United States comes from coal power 
and 548 power plants have not been modified to reduce 
emissions in the last thirty years (Schneider, 2004).  In 
this time period, huge technological advances have 
been made that could significantly reduce pollution.  
Unfortunately, such technology has mainly been 
implemented in newly constructed power plants and 
current legislation does not require old power plants to 
be modified (Corrigan, 2005).  As such, over 70% of the 
sulfur dioxide and 62% of nitrogen oxides released from 
these plants could have been prevented (Wu, 2003).  
Additionally, large amounts of ozone, particulate matter, 
and carbon dioxide could also be reduced if older plants 
implemented extant technology.     
Part of the problem with coal power is that it 
does not produce just one pollutant.  Carbon dioxide, 
sulfur dioxide, nitrogen oxides, ozone, and particulate 
matter are all released through burning coal.  Nitrogen 
oxides, ozone, sulfur dioxides, and particulate matter 
have all been linked with respiratory problems.  
Additionally, particulate matter has been associated 
with cardiac disease, and all of the pollutants have 
been shown to be harmful and potentially fatal to 
children (Schneider, 2004).   
While there are many similarities, pollutants 
work in a variety of different ways.  For example, 
particulate matter, nitrogen oxides, and sulfur dioxides 
form acids with other compounds, which cause scarring 
in the lungs (Schneider, 2004).  Also, ozone is 
damaging because it catalyzes oxidation inside the 
body.  Through oxidation, it can produce free radicals, 
which cause muscle pain, inhibit hormone function, and 
disrupt neural impulses (Wu, 2003). 
While coal power pollution affects people in a 
variety of ways, we are focusing on the direct 
physiological effects of pollution on humans.  As such, 
we are not researching the heat trapping capabilities of 
carbon dioxide.  Additionally, we will not be focusing on 
the environmental impacts on biodiversity due to 
nitrogen oxides.  Instead, we concentrated on the 
cardiac, pulmonary, and developmental problems 
associated with pollution from coal power.   
 
 
 
 
 
*This article was written for BIOL 375, Conservation Biology taught 
by Dr. Caleb Gordon. 
Pulmonary Effects of Coal Power Pollution 
 
Nearly eighty years ago, a dense mist settled to the 
east of Belgium’s third largest metropolitan area, Liege 
(Roholm, 1937).  Soon after the emergence of the mist, 
doctors in the area began to realize something was 
wrong.  Several thousand acute pulmonary attacks had 
been caused in the area and there were sixty confirmed 
deaths (Firket, 1931).  In the small town of Meuse, 
people did not know what hit them.  They would later 
find out that a poison in the form of sulfur dioxide was 
being produced by a local factory (Roholm, 1937).  This 
discovery was met with much skepticism, and sulfur 
dioxide emission standards were not increased until the 
1970s.  Since then, the scientific world has investigated 
the role of the pollutants released through industrialized 
processes, and as a result, we know that sulfur dioxide, 
nitrogen oxides, particulate matter, and ozone all have 
deleterious pulmonary effects (Pope et al., 2002).  A 
recent study conducted by Kan and Chen in Shanghai 
found that mortality caused by pulmonary problems was 
associated pollution from coal power plants; these 
findings lead to the conclusion that current pollution 
levels are a threat to the general population’s health in 
Shanghai (2003).  
 
General Effects 
Pollution does not even have to affect people in the 
form of disease.  In fact, exposure to air borne 
pollutants can reduce lung function (Ackermann-
Liebrich, 1997).  This should be of concern to those 
whom enjoy the outdoors or breathing in general.  
Reduced lung function may also be a concern for 
athletes during competitions in which the body needs 
oxygen to produce ATP that fuels muscle contractions.  
An increase in particulate matter of just 10 µg/m3 
corresponded to a 3.4% decrease in FEV (forced 
expiratory volume, or the amount of air your lungs 
exhale after a deep breath).  Not to be left out, nitrogen 
dioxide and sulfur dioxide were also correlated with 
decreased pulmonary function (Ackermann-Liebrich, 
1997). 
 
Asthma 
Particulate matter has been linked to both cardiac and 
pulmonary dysfunction.  In Barcelona, for example, 
there was a strong correlation between levels of 
particulate matter and the number of asthma related 
hospital visits over a three year period (Llorca et al., 
2005).  Research by Castellsague et al. also describes 
a correlation between particulate matter exposure and 
emergency room hospitalizations for asthma (1995).  
Some of particulate matter’s health impacts may be 
actually be underestimated due to “masking” by 
nitrogen dioxide (Llorca et al., 2005).   
Also, Nitrogen dioxide has been linked to 
asthma related symptoms.  It was shown to decrease 
tolerance to allergens among allergic asthmatic 
individuals.  Subjects exposed to NO2 for short periods 
of time experienced allergic symptoms when 
subsequently exposed to allergen levels that had 
previously left them asymptomatic.  Both early and late 
phase airway responses were more severe after 
nitrogen dioxide exposure and the histamine response 
doubled.  The increase in symptom intensity may be 
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even more pronounced in individuals with more severe 
asthma or other health problems (Strand, 1998).  The 
findings of Castellsague et al. support this trend; they 
found nitrogen dioxide increased symptoms of brachial 
asthma among adults (1995) and Llorca et al. noticed 
more emergency room treatments for asthma when 
ambient levels of nitrogen dioxide were higher.  The 
number of emergency room visits increased by about 
70% for each additional 100 µg/m3 of nitrogen dioxide 
in the air (Llorca et al., 2005).   
People who do not have preexisting 
conditions can also be affected by coal power plant 
pollution.  Chronic obstructive pulmonary disease 
makes breathing difficult for those inflicted.  Generally, 
the disease is associated with smokers suffering from 
emphysema and or chronic bronchitis.  However, 
Tolbert et al. found a correlation between chronic 
obstructive pulmonary disease and exposure to 
ambient nitrogen dioxide, ozone, and particulate matter 
(2000).  Death due to chronic disease has been linked 
to sulfur dioxide (Kan, 2003), although the affected 
individuals are probably sickened by the effect of 
multiple pollutants.        
 
Pollution Hinders Development 
 
In early December of 1952, a stationary front moved 
through London thereby reducing wind.  At the same 
time, a thermal inversion trapped coal smoke in the 
Thames Valley (Schwartz, 2004).  The combination of 
these two events caused a prolific build up of pollution, 
which resulted in the deaths of around 4,000 people 
over a four-day period, and many others in the following 
weeks (Anderson, 1999).  Of those who died, the 
mortality rate of infants was twice that of adults 
(Schwartz, 1994).  In fact, from the time of birth to 4 
years of age, the number of alveoli in the human lungs 
increases by over ten fold (Schwartz, 2004).  Thus, 
infants are not able to obtain oxygen as readily as 
adults.  This demonstrates that development extends 
past the amniotic sac, and as such, children are even 
more susceptible to the effects of pollution (Schwartz, 
2004). 
 
Lung Development in Children 
Children spend more time outdoors, are more active, 
and breathe more rapidly than adults  (Gauderman et 
al., 2000).  Thus, children are more susceptible to 
inhaling pollutants, all while their bodies are still 
developing.  Gauderman et al. investigated this by 
monitoring the large and small airways of 3035 fourth 
graders around Los Angeles, California over four years 
(2000).  By comparing the development of the lungs 
and the amount of ozone, particulate matter, and 
nitrogen oxides, they found that each pollutant except 
ozone decreased lung development.  Nitrogen oxides 
and particulate matter reduced the maximum volume of 
large air pathways by 0.77% and 0.90% annually 
(2000).  Both values are larger than the 0.2% annual 
decrease believed to be caused by secondary smoking 
(Berkey et al., 1986).  This demonstrates that the effect 
of coal power pollution on lung development in children 
could be physiologically significant (Gauderman et. al., 
2000) and cause as much as a 16.7% decrease in lung 
capacity over a ten year period if both pollutants are 
independent. 
  Other studies have confirmed that particulate 
matter obstructs proper lung development.   For 
example, Jedrychowski et al. found similar results to 
Gauderman and his associates (1999).  Woodward et 
al. went a step farther by linking particulate matter to 
infant mortality due to respiratory illness (1997). 
Research on the affect of nitrogen oxides on 
lung development has not been as consistent.  In 1990, 
Dijkstra et al. did a study on children in Holland and 
found that nitrogen oxides do not prevent lung 
development.  Conversely, Ware et al. found that 
nitrogen oxides do affect large air pathways (1984).  
The same lab later refuted these claims (Berkey, 1986).  
The involvement of nitrogen oxides by Gauderman and 
his coworkers regarding lung development in children 
represents a debate in the scientific community that has 
not been resolved (2000).              
While Gauderman et al. did not find that 
ozone had a statistically significant effect on lung 
development in children; other scientists had conflicting 
results (2005).  For example, Bates (1995) found that 
long-term exposure to ozone caused developmental 
problems associated with the lungs (1995).  Frischer et 
al. confirmed this by analyzing the affect of ambient 
ozone on children in Austria (1999).  The entire debate 
on ozone’s effect was questioned by Tager whom 
stated that scientists were not adequately addressing 
co-pollutants of ozone (1999).  This critique can be 
broadly applied to much of pollution research, and 
many researchers, such as Gauderman, choose to 
acknowledge the limitations of their studies (2000). 
 
Preterm Delivery and Associated Mortality 
Xu et al. (1994) linked the use of coal stoves to low 
birth rate and premature birth.  Low birth weight has 
been established to be the most important factor for 
predicting neonatal mortality (McCormick, 1985).   How 
pollution affects premature delivery, however, is not 
fully understood.  It is known, however, that infections 
can be passed from mother to child causing premature 
birth (Xu et al., 1995).  If disease can be passed 
through the amniotic sac, pollution can affect the fetus 
as well.  In 1995, Xu et al. noticed that there were 
significant seasonal changes in concentrations of sulfur 
dioxide and particulate matter around Beijing, China.  
Based on this, they looked at medical data to determine 
whether gestation periods were lower during the 
periods of higher pollution.  Using 24,370 pregnant 
women from four parts of Beijing, Xu et al. were able to 
determine that there is a statistically significant 
correlation between concentration of SO2 and 
particulate matter and average gestational age of new 
born children (1995).   
This result was confirmed by Wang et al.  
Using the same area over a longer period of time, they 
analyzed the gestational age of 74,621 births (1997).  
The data showed that for every 100 µg/m3 of sulfur 
dioxide there was an 11% greater chance of premature 
birth with an estimated reduction of birth weight of 7.3g 
for each 100 µg/m3 increase.  Likewise, for every 100 
µg/m3 of particulate matter preterm delivery was 10% 
more likely to result in a reduction of birth weight by 
approximately 6.3g (Wang et al., 1997).   
Additionally, Bobak and Leon found mortality 
increased from the lowest to highest measured 
amounts of particulate matter in the Czech Republic.  
However, no correlation between infant mortality and 
nitrogen oxides and sulfur dioxides was found (1992).  
In Brazil, particulate matter was more indirectly related 
to infant mortality through pneumonia (Penna and 
Duchaide, 1991).  While these studies do not 
demonstrate that pollution from coal power directly 
causes preterm mortality, there is undoubtedly a 
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correlation between preterm mortality and increased 
sulfur dioxide and particulate matter.   
 
Coal Powered Pollution Hurts the Heart 
 
Plasma Viscosity 
An increase in mortality has been associated with Air 
pollution (Bobak, 1992; Kan, 2003; Penna and 
Duchaide, 1991; Peters and Doring, 1997).  Much of 
the mortality is related to cardiac dysfunction rather 
than pulmonary trouble (Pope et al., 2004).  Peters and 
Doring investigated hospitalization and mortality during 
pollution episodes due to cardiac disease.  A large 
cross-sectional survey revealed that during pollution 
episodes, plasma viscosity increased dramatically.  In 
fact, there was nearly a 25% chance of plasma 
viscosity exceeding the 95th percentile among men.  
Such considerable thickening may be part of the 
physiological chain reaction linking ambient air pollution 
to hospitalization and mortality from cardiovascular 
illness (Peters and Doring, 1997) also observed by 
Tolbert et al. (2000) and Pope et al. (2004).  Another 
link in this chain may be vaso and arterial constriction 
caused by exposure to particulate matter and ozone 
(Brooke et al., 2004).  The effects of such constriction 
would likely be compounded by quickened 
atherosclerosis (Pope et al., 2004). 
 
Cardiovascular Disease 
Other cardiac problems have also been associated with 
air pollution.  In Atlanta, a survey of over two million 
emergency room visits revealed an association 
between cardiovascular disease and ambient air 
pollution, especially particulate matter (Tolbert et al., 
2000).  Dysrythmia, cardiac arrest, and heart failure 
were all associated with exposure to particulate matter 
(Tolbert et al., 2000; Pope, 2004).  As suggested by 
Peters and Doring, symptoms of cardiovascular disease 
are probably related to thickening of the blood (1997).  
Smokers are at particular risk of cardiac disease and 
exposure to air borne pollutants may increase the risk 
of disease synergistically (Pope et al., 2004).   
 
Ischemic Strokes 
Scientists have demonstrated that pollution can also 
cause death through strokes (Tolbert et al., 2000).  
There are two types of strokes:  ischemic and 
hemorrhagic.  Hemorrhagic strokes occur because of a 
burst blood vessel in the brain, while ischemic strokes 
are a result blockage of blood flow to the brain.  
Moreover, an increase in plasma viscosity and heart 
rate variability cause an increased risk for ischemic 
strokes (Hong et al., 2002a; Peters and Doring, 1997; 
Peters et al., 1999). 
 Unfortunately, the affect of pollution on 
strokes has not been widely studied.  In South Korea, 
strokes are much more common than in the United 
States.  Additionally, rapid industrialization in the form 
of cars and coal power plants has marked a huge 
increase in pollution in South Korea, Taiwan, India, and 
China (Hong et al., 2002a).  By comparing hospital 
records in relation to pollution levels over time, Hong et 
al. found that particulate matter, nitrogen oxides, sulfur 
dioxide, and ozone are all correlated with an increase in 
ischemic stroke mortality (2002a).  Another study in 
Hong Kong found similar results (Wong et al., 2002).  
Further studies in South Korea illustrated that ozone 
and particulate matter have a stronger correlation 
(Hong et al., 2002b).  Conversely, Tsai et al. postulated 
that particulate matter and nitrogen oxides are more 
closely associated with ischemic strokes in Taiwan 
(2003).  The preponderance of the evidence suggests 
that coal power pollution is linked to ischemic strokes, 
but more research must be done to determine which 
pollutants have the most effect. 
 
Discussion 
 
There is a large body of research linking pollutants 
released by coal power plants to pernicious health 
effects.  Exposure to pollutants like nitrogen dioxide, 
sulfur dioxide, particulate matter, and ozone has been 
correlated to increasing emergency room visits for 
asthmatics (Castellsague et al., 1995; Llorca et al., 
2005), heightened allergic response (Strand, 1998), 
decreased lung function in healthy individuals 
(Ackermann-Liebrich, 1997), chronic obstructive 
pulmonary disorder (Tolbert et al., 2000), and even 
death from chronic disease (Kan, 2003).  These 
pollutants have also been tied to pulmonary 
developmental retardation in children (Gauderman, 
2000; Jedrychowski et al., 1999).  Further studies have 
linked some pollutants to lowered birth weight and or 
premature birth (Wang et al., 1997; Xu et al., 1994) 
while others link particulate matter to infant mortality 
(Bobak and Leon, 1992; Penna and Duchaide, 1991).   
In addition to pulmonary problems, coal 
power pollution can be dangerous to the circulatory 
system.  Hospitalization due to cardiac dysfunction also 
increased with ambient air pollution (Pope et al., 2004; 
Tolbert et al., 2000).  Such hospitalization is likely 
related to high blood plasma viscosity correlated to 
increasing ambient particulate matter (Peters and 
Doring, 1997). 
  While not all of these studies were directly 
linked to point source pollution from coal power plants, 
the fact that many pollutants released when coal is 
combusted in power plants are associated with 
negative health impacts is alarming.  The potential 
damage caused by coal power pollution should 
reinforce pleas to maintain or increase existing 
emissions standards as declared in the Clean Air Act.  
Moreover, attempts to loosen regulations might cause 
an increase in chronic health problems, interference 
with children’s development, and premature death.  
 
Note: Eukaryon is published by students at Lake Forest 
College, who are solely responsible for its content. The 
views expressed in Eukaryon do not necessarily reflect 
those of the College. Articles published within Eukaryon 
should not be cited in bibliographies. Material contained 
herein should be treated as personal communication 
and should be cited as such only with the consent of 
the author. 
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